Purpose The purpose of this study was to investigate and compare cancer treatment near the end-of-life (EOL) over a 10-year period.
Introduction
According to the 2011 World Health Organization fact sheets, cancer has become a leading cause of death worldwide [1] . In Korea, cancer has been the most common cause of death since 1990, accounting for 27.6% of all deaths in 2012 [2] .
Since the Vatican's 1980 Declaration reaffirmed that disproportionate means of preserving life, which are understood as offering no reasonable hope of benefit or involving excessive burdens on the family or community, are not obligated to a dying person, this tradition became a moral framework of end-of-life (EOL) care [3] . However, despite knowing that aggressive treatment near the EOL could not help patients survive, a majority of studies on EOL care have reported that terminal stage cancer patients still receive aggressive treatments that may do them more harm than good [4] [5] [6] [7] [8] . Some studies have also reported that patients dying with cancer have been administered systemic chemo- therapy even up to the last 2 weeks of life [7, 8] . As a result, chemotherapy without careful consideration of the entire clinical course may give patients the false hope of prolonging life, delay hospice referral, and deprive patients of opportunities to prepare for their own deaths [9, 10] .
Near the EOL, timely cessation of chemotherapy and hospice referral allows patients and their families to receive sufficient physical support and prepare for death emotionally and spiritually [4, 11] . Recently, cancer treatment near the EOL seems to have changed with development of monoclonal antibodies and small molecules for various molecular targets. However, there are no available data regarding cancer treatment near the EOL. We conducted this study to investigate and compare changes in cancer treatment near the EOL during 10 years and their effects on EOL care at a single institute.
Materials and Methods

Study patients
We assessed patients from two separate periods, i.e., 2002 and 2012. We evaluated all advanced cancer patients who died from January 1 to December 31, 2012. We also assessed patients who were diagnosed from January 1 to December 31, 2002, and followed up until death. The latter cohort had been previously assessed for investigation of EOL care [12] . The same criteria of inclusion and exclusion were applied to both groups as follows. We enrolled only patients who had been treated and died in Seoul National University Hospital. We excluded patients with (1) hematologic malignancy (leukemia, lymphoma, multiple myeloma, etc.), (2) no pathologic reports, (3) only supportive care without chemotherapy, and (4) no cancer-related death.
Data collection and outcome measurements
We reviewed medical records of these two groups in order to obtain data on EOL care indicators of aggressiveness in terms of the following aspects: intensive care unit (ICU) admission in the last month of life, emergency room (ER) visits in the last month of life, numbers of regimens and cycles, duration of chemotherapy, time from the last chemotherapy to death (TCD), hospice referral, period between hospice contact and death, and discussion of advance directives. Duration of chemotherapy was calculated from the starting day of first-line chemotherapy regimen until the last administration day of chemotherapeutic drug. TCD was counted from the last administration day of chemotherapeutic drug to death.
Statistical analyses
We examined between-group associations of demographic and clinical variables using Fisher exact tests for categorical variables and independent t test for continuous variables. All of our participants have exact dates of death with none missing. We calculated median overall survival (OS) and TCD using the Kaplan-Meier method. Log-rank test was used for comparisons of survival between groups. Hazard ratio (HR) and 95% confidence interval (CI) was calculated using the Cox proportional hazards model to examine the effect of multiple factors on survival. All tests were 2-sided, and p ! 0.05 was considered statistically significant. We performed statistical analyses using SPSS ver. 19.0 (IBM Corp., Armonk, NY).
The study was reviewed and approved by the Institutional Review Board of Seoul National University Hospital (IRB No. H-1310-068-527). All studies were conducted according to the guidelines of the Declaration of Helsinki for biomedical research. Stomach 39, liver 3, bile duct 9, pancreas 7, and esophagus 2, b) Sarcoma 7, head and neck 1, kidney 1, prostate 2, neuroendocrine tumor 3, malignancy of undefined primary origin 4, melanoma 1, glioma 1, bladder 1, peripheral nerve sheath tumor 1, testis 1, germ cell tumor 1, mesothelioma 1, and thymic carcinoma 1. Values are presented as number (%). GI, gastrointestinal; ER, emergency room; ICU, intensive care unit. Period from the last administration day of chemotherapeutic drug to death, e) Gefitinib 11, erlotinib 5, crizotinib 4, sorafenib 4, sunitinibs 3, pazopanib 1, everolimus 2, MDM2 inhibitor 1, cetuximab 2, and trastuzumab 1.
Results
Patient characteristics
A total of 263 patients were enrolled in this study. Among 358 advanced cancer patients who died in admission status in 2012, 206 patients were enrolled in the 2012 group. Out of the previous cohort of 298 patients diagnosed in 2002, 57 patients who died in our hospital were included in the 2002 group.
The median age was 63 years (range, 17 to 88 years) at Period from the starting day of first-line chemotherapy regimen until the last administration day of chemotherapeutic drug, 
Ten-year changes of indicators of aggressive cancer treatment near the EOL, from 2002 to 2012
Age and sex distribution did not differ between the two groups with a 10-year gap (Table 2) . Median ages at diagnosis and death also did not differ significantly between the groups, with 63 years (range, 23 to 76 years) versus 63 years (range, 17 to 88 years) at diagnosis (p=0.288) and 63 years (range, 23 to 76 years) versus 65 years (range, 18 to 63 years) at death (p=0.256), respectively (Table 3) . Lung cancer still accounted for the main portion of hospital deaths in both groups within the 10-year interval. While breast cancers and colon cancers increased, non-colon GI cancers decreased without statistical significance (Table 2) .
Mean numbers of regimens and cycles increased significantly, from 1.8 regimens (range, 1 to 6) to 2.5 regimens (range, 1 to 9) (p=0.003) and from 5.5 cycles (range, 1 to 16) to 11.6 cycles (range, 1 to 69) (p < 0.001). Median duration of chemotherapy of advanced cancer patients also showed a significant increase, from 5.5 months (range, 0.3 to 18.1 months) to 6.8 months (range, 0.03 to 84.9 months) (p=0.006). Median OS increased from 9.1 months (95% CI, 5.5 to 12.8 months) to 10.3 months (95% CI, 8.8 to 11.8 months) (p < 0.001) ( Table 3 ).
Chemotherapy use near the EOL
Median TCD has become significantly shortened, from 66 days (95% CI, 49 to 83 days) to 34 days (95% CI, 30 to 39 days) (p=0.004) ( Table 3) . Among the sub-intervals of TCD, deaths within 2 weeks of receiving chemotherapy showed a significant increase, from 3.5% to 23.8%, while deaths more than 8 weeks from the last chemotherapy decreased from 56.1% to 28.6% (p < 0.001) ( Table 2 ). Median TCD ratio (time from last chemotherapy to death/overall survival) decreased to less than half the initial value, from 0.325 to 0.116 (p < 0.001) ( Table 3 ). In particular, 35 patients (17.0%) received molecular targeted agents as the last chemotherapy regimen in 2012, while none of the patients received molecular targeted agents in 2002 (Table 2 ). Over half of targeted agents in the last month were used for lung cancer (20 patients, 57.1%), 11 gefitinib cases, five erlotinib cases, and four crizotinib cases in lung cancer and four sorafenib, three sunitinib, one pazopanib, two everolimus, one MDM2 inhibitor, two cetuximab, and one trastuzumab in non-lung cancer (Table 4) . Log-rank test. Log-rank test.
Status of EOL care
Median duration of the last admission increased as double, from six days to 12 days (p=0.041) ( Table 3 ). More than one ER visit during the last months of life also increased more than three-fold, from 22.8% to 74.8% (p < 0.001). The proportion of patients who received ICU care within the last month increased more than 11 times, from 1.8% to 19.9% (p=0.001). ICU care was more frequent for patients who had visited the ER (21.0% vs. 7.3%; p=0.003) but less frequent for patients referred to hospice (8.3% vs. 79.6%; p=0.020). Median duration of ICU admission of 2012 was 5 days (range, 1 to 34 days; mean, 9; SD, 9) ( Table 2 ). Although hospice referrals increased from 12.3% to 37.4% (p < 0.001), timing of hospice contact was delayed from median 60 days to 8 days before death (p=0.004). In 2012, 41.6% of hospice contacts were made within 1 week before death, while only 16.9% of hospice contacts were made more than 4 weeks from death. (Tables 2 and 3 ). Of note, 95.1% of patients documented advance directives in 2012, but no patients wrote them in 2002 (Table 2) .
Factors associated with time from last chemotherapy to death
We performed multivariate analyses for patients in the 2012 group to determine the factors influencing the TCD. Two-or-less-regimen users had shorter TCD (HR, 0.704; 95% CI, 0.525 to 0.945; p=0.020). Use of targeted agents as the last chemotherapy and ICU care within the last month showed a tendency to shorter TCD (19 days vs. 35 days, p=0.086 and 23 days vs. 36 days, p=0.097, respectively) ( Table 5 , Fig. 1  A-C) .
Further analyses with subgroups showed that using targeted agents as the last chemotherapy for the over-tworegimen users was significantly associated with shorter TCD (HR, 2.564; 95% CI, 1.415 to 4.645; p=0.002) and ICU care within the last month had similar association with TCD in two-or-less-regimen users (HR, 1.586; 95% CI, 1.043 to 2.358; p=0.031) ( Table 6 , Fig. 1D ).
Discussion
In this study, we found that cancer care near the EOL became more aggressive compared to 10 years ago with respect to chemotherapy, ICU admissions, ER visits, and the timing of hospice referral. TCD became shorter, and use of targeted agents was the factor associated with reducing TCD for heavily treated patients. As a result, use of ICU and ER increased and hospice referral was delayed.
We found that 23.8% of the study population received chemotherapy in the last 2 weeks of life, 42.7% in the last month, and 71.4% in the last 2 months, which is higher than the rates reported by a previous study from our institute [12] and a multi-institutional Korean study of 2004 [7] and is also higher than the rates reported by studies worldwide [4, 5, 8] .
A remarkable finding of our study is that use of targeted agents as the last chemotherapy was associated with shortened TCD in multivariate analysis. In particular, the choice of targeted agents as third or more regimen showed a significant association with reduced TCD days vs. 35 days (p=0.002). Other recent studies have also reported that targeted agents are used in the last month of life up to twice as much as non-targeted agents and are used even in the palliative care unit because of their tolerable toxicities [13, 14] . NSCLC patients who are the major consumers of targeted agents deplete their healthcare resources on anti-cancer treatment during the terminal stage of disease [15] .
Aggressive EOL care including prolonged duration of chemotherapy places a substantial economic burden on patients and their health insurance authority. The majority of the EOL healthcare expenditure was associated with acute care including ER and ICU care and chemotherapies [16, 17] . The cost saving effect of EOL discussions and use of palliative care unit were reported as totaling more than 30% [18, 19] . There is increasing evidence that early palliative care optimized the timing of chemotherapy cessation and transition to hospice services leading to longer TCD with better quality of life [20] .
We should pose the big question: what drives this aggressive trend? Decreased financial burden may be a possible explanation for the increasing use of the acute care unit and chemotherapy including targeted agents near the EOL. The Korean government gradually reinforced health insurance for cancer treatment by reducing the patient burden from 20% to 10% in 2005, and from 10% to 5% in 2009. The National Evidence-based Healthcare Collaborating Agency of Korea has released data on how the reinforcement of health insurance covering cancer treatment has influenced medical service patterns up until 2010. They showed that expenditure in ICU care near the EOL was still increasing until 2010. The cost of chemotherapy both as total cost and as per person cost during the last month also increased after the first reinforcement in 2005 and use of targeted agents has been sharply increasing since 2005. However, the total cost of chemotherapy near the EOL has shown a slight reduction for the first time after the second reinforcement in 2009 but the costs of targeted agents and non-targeted agents were not separated. Therefore, we require separate cost data for targeted agents [21] . We can presume the influence of the changes in health insurance from the previous research.
Private health insurance has been proven to exert a significant effect on raising the expenditure in inpatient healthcare services [22, 23] . Another prior assessment of the impact of the sharp cutbacks in chemotherapy reimbursement showed that chemotherapy in the last 2 weeks of life was reduced by 20% in patients who were treated in physicians' offices [24] . Therefore, the reinforced insurance may have led both patients and physicians to become insensitive to the cost. The low barriers to healthcare utilization in Korea could also be found in Organization for Economic Co-operation and Development (OECD) Health Data 2013 comparing the year 2000 and 2010. OECD data showed a rapid increase of the number of hospitals, hospital beds, outpatient visits, discharges, average length of hospital stay, and health expenditure per person in Korea [25] . Fee-for-service system of Korea could also promote aggressive EOL cancer treatment.
The current study has some potential limitations. First, there is the inevitable limitation of a retrospective approach. Nevertheless we consider that the retrospective approach could reveal the true extent of damage of aggressive EOL care compared to a prospective study with selective patients. Second, our study was conducted in a single tertiary referral hospital that serves as a national central hospital. The cancer treatment near the EOL of our study population could be biased toward the aggressive side because patients who expect more aggressive treatments were referred to our hospital from across the country. Third, patients in the 2012 group are those who died in 2012 but the patients of the 2002 group are those who were diagnosed in 2002. When we added the condition of 'death within the year of 2002' to in-hospital death to the 2002 group, we identified similar rates of the indicators of aggressiveness to this report. However, using both conditions, our study included only patients who survived within 1 year. Therefore, we used the results of pre-analysis only as the indicators of comparison, leaving the method for selection of patients as a limitation of our study. However, the median OS of the 2012 group was less than 1 year and survival of most patients did not exceed 6 months from 1 year (1-year OS of 36.8% and 18-month OS of 5.3%). Therefore, we think that our study could still have the value of a 10-year comparison. In addition, the fact that both groups have been treated in the medical oncology department and that they include a similar portion of lung cancer patients who were major consumers of targeted agents could reduce the errors caused by the heterogeneity of participants. Fourth, of note, we have not included the exact expenditure, particularly the cost of targeted agents during the last month, which is expected to explain the relationship between enforcement of health insurance and EOL cancer treatment. Fifth, while the majority of patients had agreed to the advance directives and the increased patients by 25% were referred to hospice in our study, the aggressiveness of EOL care has increased. It implies that although awareness for hospice and palliative care has improved in our society, there is still a lack of understanding with regard to advance care planning. As timing of hospice contact was delayed from 60 days to eight days before death, patients and their families could already have spent most of their time on chemotherapy and ICU care. In consequence, discussions of EOL and the referrals to hospice were too delayed to prevent aggressive treatments.
Despite these limitations, to the best of our knowledge, this is the first study to demonstrate that the use of targeted agents for heavily-treated patients near the EOL is associated with shorter TCD.
Conclusion
Cancer treatment near the EOL became aggressive over 10 years. ICU care and chemotherapy near the EOL has increased during a 10-year period, while hospice referral has been delayed. Use of targeted agents for heavily treated patients should be reconsidered more carefully. Further nation-wide investigations regarding the influence of financial burdens are warranted.
Conflicts of Interest
Conflict of interest relevant to this article was not reported.
